^ ” '’*^^^^^'^^**'*^^*****"****^*****^*^""*”'*®™*"*"“**"*'***^*****M»i’*ji*<*«aw*p«»»«»«<*»-»^*  — — — — --  ■ - - -^'^^‘?i 


THE  PLASUCS  TECHNICAL  EVALUATION  CENTER 


Authorized  by  the  Oflice  of  Director  of  Defense  Reseaich  and  Engineering,  the  Plastics  Technical 
Evaluation  Center  (PLASTEC)  evaluates  and  disseminates  technical  information  on  cunent  development, 
engineering,  and  application  work  in  the  field  of  plastics,  rcinfotccd  plastics,  and  adhesives.  It  engages  in 
materials  surveys  and  other  special  assignments,  and  provides  the  Department  of  Defense  with  technical 
data  and  advice  on  research  and  development  programs  on  plastics. 

Both  government  and  industry  may  request  information  from  this  Center  directly.  Inquiries  which 
can  be  handled  routinely  are  accomplished  without  cliarge.  Those  which  require  time-consuming  study  on 
the  part  of  a specialist  are  charged  for  at  a sum  arrived  at  by  prior  agreement  between  requester  and 
PLASTEC. 

In  order  to  recover  the  costs  of  publication  of  its  documents,  PLASTEC  reports  arc  now  sold 
through  th®  cooperation  of  the  National  Technical  Information  Service  (NTIS),  5285  Port  Royal  Road, 
Springfield,  Virginia  22161. 

These  innovations  in  our  previously  charge-free  system  are  in  line  with  a Department  of  Defense 
polic>'  affectir^all  technical  u.  formation  c«;iters. 


i iir') 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Wh^n  Dmtm  Bntmr0d) 


REPORT  DOCUMENTATION  PAGE 


I.  REPORT  NUMBER 

PLASTEC  Note  N31 


4.  TITLE  (’anrfSubt/tU; 

Computerized  Material  Property  Data 
Information  System 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3.  RECIPIENT’S  CAT  4I.OC  NUMBER 


s.  type  or  REPORT  * PERIOD  COVERED 


PERFORMING  ORG.  REPORT  NUMBER 


7.  AUTHORC«> 

John  Nardone 


••  CONTRACT  ON  GRANT  NUMBERf*; 


>■  PEIi/;>RillNG  ORGANIZATION  NAME  AND  ADDRESS 

Plastics  Technical  Evaluation  Center 
Dover,  New  Jersey  07801 


II.  CONTR'JLLING  OFFICE  NAME  ANO  ADDRESS 

Picatinny  Arsenal 
Dover,  New  Jersey  07801 


10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  « BORK  UNIT  NUMBERS 


12.  REPORT  DATE 


13.  NUMBER  or  PAGES 

2^ 


MONITORING  AGENCY  NAME  • AODRESSflf  dlUttmtl  horn  Conttollhtf  OHIe»)  IS.  SECURITY  CLASS,  (ol  IMt  npoti) 

US  Army  Materiel  Development  s Readiness  Connzmd  Unclassified 
Alexandria,  Virginia  22333 

fs«.  OECLASSIFICATiuN/OOWNGRADINC 
SCHEDULE 


IS.  DISTRIBUTION  STATEMENT  faf  tfila  R«Ror<; 

Approved  for  public  release;  distribution  unlimited. 

Available  from  the  National  Technical  Information  Service  at  $5.00. 


17.  DISTRIBUTION  STATEMENT  fa/  (Aa  a&alracl  anIaMtf  In  B/acE  20,  If  d///aranl  hem  Kmpoft) 


IS.  KEY  WORDS  fCanllnua  an  rararaa  alSa  If  necettry  mni  Identify  by  btech  number) 

M*ii.ei.ials  property  data  Materials  assessment 
Plastics  Program  plan 

Metals 

Computerization 


2G.  ABSTRACT  fCatmua  em  reeetee  ties  h maaamy  emd  tdemlfy  by  Slack  manber) 

A program  to  computerize  material  property  data  was  established  by  an  ad-hoc 
Army  group.  It  was  initially  supported  by  Picatinny 's  Computer  Aided  Design 
Engineering  (CAD-E)  activity,  through  which  the  information  system  was 
determined  to  be  feasible.  This  report  describes  the  proposed  system  operation 
by  remote  and  on  site  access  modes  planned  throughout  the  Army. 

The  program  has  been  structured  to  computerize  both  plactics  and  metals 
property  data,  in  support  of  engineering,  manufacturing  and  procurement 


M73  EOtnow  OF  • NVV  VB  It  OBBOCETE 


UNCLASSIFIED 

SECURITY  CLASaiFICATKMt  OF  TMIB  FAOC  fWIWn  Dele  Mnlered) 


---- 


UCUNITY  CLAUiriCA-'IOM  Or  YMIS  PAOCnrhm  Oa<« 


Abstract  (Contrrmed) 


activities,  using  coznmon  software  and  hardware.  Although  many  commercial, 
material  property  data  programs  have  been  developed  none  contain  the  unique 
features  to  be  incorporated,  i.o.,  remote  access  by  display  terminals, 
con^rehensive  engineering  oriented  data  and  the  nost  centralized  source  of 
plastics  and  metals  data.  The  report  primarily  addresses  plastics  technology 
with  limited  discussion  of  the  metals  integration. 


' ' Ut-’CT,ASS1FIED 

mcurity  ci.Asmri::ATioM  or  tmii  r Aacr*M«  en(*r«o 


PLASTEC  NOTE  N31 


COHPUTERI?ri)  MATERIAL  PROPERTY 
DATA  INFORMATION  SYSTEM 


by 

JOHN  NARD(^ 


JUNE  1976 


i 


Approved  for  Public  Release;  Distribution  Unliiii'^ed 
L'  Available  from  NTIS  at  $5.00 


ABSTP-rtCT 


A program  to  coo^uterize  material  property  data  was  established 
by  an  ad-hoc  Army  group.  It  was  initially  supported  by  Picatinny's 
Computer  Aided  Design  Engineering  (CAD-E)  activity,  through  which 
the  information  system  was  determined  to  be  feasible.  This  report 
describes  the  proposed  system  operation  by  remote  and  on  site  access 
modes  planned  throughout  the  Army. 

The  program  has  been  structured  to  computerize  both  plastics  and 
metals  property  data,  in  support  of  engineering,  manufacturing  and 
procurement  activities,  using  common  software  and  hardware.  Although 
many  commercial,  material  property  data  programs  have  been  developed 
none  contain  the  unique  features  to  be  incorporated,  i.e.,  remote 
access  by  display  terminals,  comprehensive  engineering  oriented  data 
and  the  most  centralized  source  of  plastics  and  metals  data.  The  report 
primarily  addresses  plastics  technology  with  limited  discussion  of  the 
metals  integro.tion. 
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INTRODUCTION 


OBJECTIVE 

The  overall  objective  of  this  program  is  to  en£j»le  the  rapid  access 
to  material  property  data  in  support  of  Army  engineering*  manufacturing* 
and  procurement  activities.  A more  unique  feature  is  to  enable  the 
assessment  of  materials  through  the  use  of  ccmiputer  technology  by  the 
interactive  application  of  materiil  property  criteria.  A secondaury  goal 
of  this  program  is  to  provide  the  most  coaq>rehensive*  military  oiOented 
material  property  data  base  for  plastic*  a first  of  its  kind. 

BACKGROUND 


The  initial  isq>etus  for  this  pr.?gram  developed  within  the  Materials 
Engineering  Division  at  Picatinny  Arsenal*  when 'it  was  recognized  that 
the  techniques  for  plastic  material  analysis  and  assessment  could  be 
significantly  improved  through  the  use  of  computer  technology.  This  led 
to  the  consideration  of  the  methodology  and  subsequent  demonstration  of 
computer  approaches  to  more  effective  design.  The  initial  Picatinny 
effort  (Ref.  1)  led  to  the  consideration  of  a more  con^rehensive  overall 
Army  oriented  program  to  consider  selection  routines  for  metals  as  well 
^as  plastics. 

The  integration  wiUi  metals  result!^  when  it  became  known  that  a 
comparable  task  was  underway  at  the  Ground  Equipment  and  Materials 
Directorate  (MICON)  at  Redstone  Arsenal.  Although  the  mode  of  conqputer 
access  differed  from  that  planned  for  plastics*  it  was  felt  that  each 
effort  would  complement  the  other.  With  the  long  term  objectives 
directed  at  use  of  cos^rable  hardware  and  software*  new  requirements 
were  also  established  which  would  satisfy  the  needs  of  both  programs. 
Since  MICOH's  role  was  end  item  or  user  oriented*  the  responsibility 
of  such  a metals  property  data  bank  effort  was  believed  to  be  best 
served  by  AMMRC*  who  has  current  monitorship  of  metals  property  data 
activities. 


An  ad  hoc  CAD>E  committee  consisting  of  AMMRC*  ARMCOM  (Picatinny 
Ars^i'.4l)  and  MICOH  then  formulated  an  Army  wide  plan  in  1974  under  a 
CAO>£  project  title  for  the  selection  of  materials.  The  committee 
action  established  the  need  to  develop  a sophisticated*  yet  siaqplified 
computerized  system  tdiich  could  be  interactively  accessed  by  all  Army 
engineering  segments.  It  was  established  that  two  data  base  files*  one 
each  for  plastics  and  icetals*  were  needed  with  control  to  be  exercised 
from  within  the  Artjy. 


This  report  is  intended  to  present  the  rationale  tdiich  led  to  the 
current  program  anc  how  it  will  meet  the  needs  of  the  Army  and  other 
DoD  activities.  ' ue  o'/-^rall  system  concept  will  be  described  to  include 
discussion  of  cov  >uter  hardware  and  software.  Also  included  is  the 
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planned  location  of  the  plastic  and  metal  data  files  and  how  Army 
facilities  could  interface  with  these  files. 

The  main  thrust  of  this  report,  however,  will  be  related  co  the 
materials  properties  2uid  assessment  effort  related  to  plastics.  Details 
of  the  proposed  data  management  system,  property  data  file  and  the  modes 
of  access  will  also  be  presented  with  their  relationship  with  the  con- 
current metals  data  program. 

The  program  since  its  inception  has  been  directed  solely  at  initial 
material  selection.  It,  however,  has  been  reoriented  to  be  more  encom- 
passing, in  that  it  will  now  be  directed  at  property  data  as  influenced 
by  the  processing  techniques.  This  will  result  in  a data  information 
system  useful  to  manufacturing  design  functions,  procurement  and  in 
initial  material  selection. 
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DISCUSSICm 


The  assessment  o£  plastic  materials  for  the  wide  variety  of 
military  applications  has  been  of  concern  by  the  materials  engineering 
staff  at  Picatinny  Arsenal  for  the  last  decade.  It  was  concluded  that 
the  proper  use  of  a plastic  material  or  "polymer"  for  am  application 
currently  requires  an  astute  evaluation  on  the  part  of  knowledgeable 
materials  technologists.  This  is  basically  necessitated  by  (1)  the 
lack  of  or  the  inadequacy  of  current  engineering  property  data  to  enable 
an  effective  evaluation  and  (2)  the  lack  of  materials  knowledge  by 
designers  not  totally  feuniliar  with  plastic  material  behavior. 

Plastic  material  property  data  is  grossly  lacking.  This  problem 
is  being  further  coiq>licated  by  the  continued  number  of  new,  commercially 
availeUble  materials.  The  point  is  being  approached  whereby  the  cata- 
loguing and  storage  of  the  available  data  is  cumbersome.  It  is  iaq>erative 
that  computerization  be  undert2dcen  to  return  some  reason  to  data  availa- 
bility and  presentation. 

Due  to  the  large  number  of  applications  within  the  government,  it 
is  also  ispractical  to  provide  the  necessary  skilled  plastics  personnel 
to  support  all  the  development  efforts.  Technical  support  by  the 
material  suppliers  is  a viable  but  diminishing  (because  of  costs) 
alternate  although  their  approach  at  anst  times  is  biased  by  company 
affiliation.  Even  though  industrial  personnel  were  available,  their 
support  does  generally  lack  a military  orientation  toward  the  design 
environment  and  product  assurance  functions.  Thus,  a need  exists  for 
a means  whereby  the  many  product  development  efforts  can  be  more  effective- 
ly conducted  objectively,  and  by  those  lacking  the  plastics  materials  back- 
ground. This  necessitates  that  the  data  be  presented  in  the  most  sim- 
plified form  to  en^d>le  complete  understanding  of  material  response.  This 
siaq>licity  coupled  with  an  appropriate  logic  scheme,  will  enable  those 
not  initiated  in  plastic  or  coeqputer  technology  to  satisfactorily  perform 
materials  assessments. 

In  view  of  the  edx>ve  two  needs,  it  becomes  necessary  to  turn  to  the 
co«q>uter  as  the  means  of  promoting  effective  plastic  usage.  TItis  ii^lies 
that  a data  bank  can  be  structured  to  provide  property  data  for  the  large 
number  of  uterials  which  are  commercially  available.  It  should  be  noted 
that  there  is  no  such  source  of  information  readily  available  throughout 
the  industry.  This  task  is  large,  but  can  be  achieved  through  government 
and  j.'.dustrial  participation.  The  second  facet  of  a computerized  effort 
is  to  provide  a unique  SK>de  of  operation  idiereby  materials  can  be 
screened  for  evaluation  as  specified  by  appropriate  input  criteria.  This 
too  presents  a challenge  in  its  implementation. 


It  was  proposed  to  develop  a technique  whereby  any  engineer  or 
designer  can  interface  with  the  computer  to  assess  an  appropriate  plastic 
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material (s)  to  meet  his  requirements.  To  accomplish  this>  it  is  pl2umed 
to  incorporate  interactive  graphics  routines  which  will  provide  the 
necessary  design  logic  and  data  presentations  to  enable  ease  of  opera- 
tion by  those  not  skilled  in  plastics  or  computer  technology.  The  scope 
of  this  effort  is  novel  and  is  practical.  In  support  of  all  Army  com- 
modity commands#  it  will  result  in  substantial  cost  reduction  and 
savings . 

The  initial  efforts  funded  under  Computer  Aided  Design-Engineering 
(CAO-E)  were  initiated  through  the  Plastics  Technical  Evaluation  Center 
(PLASTEC)  at  Picatinny#  with  technical  support  provided  from  the 
Materials  Engineering  Division's  plastics  applications  staff.  This 
direction  was  established  since  it  was  projected  that  the  results  would 
have  wide  range  Army  use  and  that  PLASTEC  would  be  a natural  outlet  for 
the  capability  developed. 

The  first  such  type  of  computerized  program  was  developed  under 
CAD-E  funding  and  has  subsequently  been  made  available  through  PLASTEC. 
Designated  as  "COMPAT",  Figure  1#  the  program  contains  information  on 
the  COMPATibility  of  plastics  with  energetic  materials  (explosives, 
propellants  and  pyrotechnics) . It  can  be  remotely  accessed  and  cur- 
rently has  a number  of  siibscribers.  It  was  made  available  on  a fee 
basis,  %fhich  was  intended  to  provide  funds  for  program  update  and 
maintenance.  The  program  truly  demonstrates  the  concept  of  computer 
effectiveness  and  remote  access.  It  represents  only  a minute  portion 
of  the  overall  system. 

The  value  of  the  computer  for  metal  material  selection  is  also 
quite  apparent.  Currently  no  existing  data  source  for  metals  can  be 
effectively  or  efficiently  accessed  by  Army  personnel  for  assessment 
purposes.  Data  from  the  established  materials  information  centers  are 
available,  but  are  time  consuming  to  obtain  atnd  not  adaptable  to  local 
computer  activities.  Thus,  most  military  design  activities  still  rely 
on  design  manuals  or  handbooks  for  data.  A basic  data  bank  for  metals 
for  internal  Army  use  will  aid  in  improved  interactive  material  assess- 
ment. 


The  main  thrust  of  the  material  assessment  program  is  not  to 
develop  a system  to  contain  ail  existing  "design  data"  for  materials, 
but  rather  to  provide  the  fundamental  "property  data"  for  initial 
material  selection  and  for  conducting  other  cooq>arative  material  assess- 
ments. For  end  item  use,  normal  engineering  practice  requires  prototype 
evaluation,  cost  assessments  and  further  material  characterization  for 
the  specific  application.  This  implies  that  further  information  will  be 
required  through  other  information  sources  and  material  suppliers. 
Although  not  all  enconpassing,  the  proposed  material  property  data  banks 
will  contain  a substantial  amount  of  data  to  fulfill  most  basic  engineer- 
ing needs. 
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Further  discussion  of  the  overall  system  and  some  specifics  are 
contained  in  the  following  paragraphs.  These  are  intended  to  be  general 
presentations,  to  be  supplemented  later  in  time  with  specific  engineer- 
ing definition  of  all  program  aspects. 

SYSTEM  CONCEPT 

The  materials  property  data  information  system  is  essentially  in- 
tended to  aid  Army  personnel  in  materials  technology  by  making  available 
engineering  data.  The  access  modes  to  computerized  date  are  highly 
dependent  on  the  sophistication  of  the  engineer/user  in  regard  to  design 
analysis,  material  technology  and  computer  technology.  In  view  of  this, 
the  system  must  provide  capadaility  for  varied  user  backgrounds.  In 
addition,  the  state  of  the  art  of  design  for  metals  and  for  plastics 
varies  widely  which  necessitaces  that  two  independent  data  banks  be 
established,  with  possible  future  integration  as  program  technology 
progresses.  The  generalized  approach  is  schematically  illustrated  in 
Figure  2. 

Interactive  access  with  the  material  property  data  banks  will  be 
controlled  through  a data  mcinagement  system  (DMS) . User  input  and  output 
will  be  controlled  by  use  of  a terminal  vdiich  will  allow  direct  access  or 
interactive  use  through  a preprogrammed  front  end  or  other  analysis 
programs . 


For  users  skilled  in  material  technology  direct  access  can  be  used 
to  obtain  materials  information  to  meet  their  needs.  For  those  not  so 
trained,  a preprogrammed  front  end  will  provide  the  necessary  logic, 
tutorially.  For  the  very  sophisticated,  engineering  analyssis  routines 
can  be  made  to  directly  perform  iterative  operations  for  material  selec- 
tion. All  these  program  options  imply  a sophisticated  and  comprehensive 
data  memagement  system. 


To  implement  the  Army  wide  program,  responsibilities  were  assigned 
to  the  activities  according  to  their  area  of  mission  responsibility  and 
expertise.  When  the  system  is  completed  each  group  will  participate  in 
an  Army  wide  educational  seminar  to  make  the  technology  available  t ^ all 
engineering  segments. 

The  three  participeuits  and  functions  are  summarized  as  follows: 


AMMRC- 


ARMCOM- 
(Picatinny 
Arsenal ) 


Establishment  and  maintenance  of  the  metals  data  bank, 
the  basis  of  which  will  be  derived  from  existing  data 
sources  under  current  monitorship. 

Establishment  and  maintenance  of  an  original  plastics 
data  bank  £Uid  the  development  of  a preprogrammed  front 
end  for  tutorial  material  selection. 


MICOM-  Development  of  the  computer  technology  for  integrating 

engineering  analysis  program  with  the  metals  property 
data  bounk,  to  achieve  material  selection  through 
iterative  computer  operations. 
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The  iri':ent  of  this  program  is  to  achieve  maximiun  benefits  with  a 
minimum  investment.  Thus,  the  prime  direction  in  connection  with  hard- 
ware is  to  assure  system  develoimtent  around  the  CDC  and  IBM  computers, 
since  they  are  employed  by  most  of  the  prospective  Army  users.  Initially, 
the  computer  facilities  will  be  structured  around  existing  hardware  at 
Redstone  and  Picatinny.  Both  installations  employ  CDC  computers  cuid 
Tektronix  display  terminals,  which  provide  the  user  with  unlimited 
versatility.  Adaptability  of  other  terminal  types  for  remote  access  will 
be  addressed  accordingly.  The  only  remaining  item  is  a versatile  data 
management  system  to  achieve  program  objectives.  This  cost  thus  repre- 
sents the  only  major  investment  connected  with  computer  ser’>ices.  A 
DMS  which  will  fulfill  the  needs  of  both  the  plastic  and  metal  efforts 
was  the  ultimate  objective. 

Upon  completion  of  the  system,  which  includes  the  appropriate  soft- 
ware cmd  property  data,  the  operation  will  be  initially  structured  as 
follows  (Figure  3) : The  plastic  file  will  be  located  at  Picatinny  eUid 

the  metal  file  at  both  Watertown  and  Redstone.  All  other  Army  installa- 
tions with  terminal  facilities  will  then  be  capable  of  interacting  with 
each  of  the  data  files  by  telephone  link.  If  the  remote  access  capa- 
bility becomes  inconvenient  or  costly,  a system  file  can  be  installed  at 
moderate  cost,  with  data  update  support  provided  by  the  monitoring  agency. 
Those  installations  (only  three  are  known)  which  utilize  other  than  CDC 
or  IBM  computers  are  restricted  to  remote  access,  unless  they  wish  to 
incur  software  conversion  costs. 

The  direction  at  Picatinny  in  addition  to  establisning  the  plastic 
data  bank,  will  be  directed  at  material  assessment  by  the  non-plastics 
types.  This  will  be  accomplished  through  a preprogrammed  front  end 
routine  uscdsle  through  display  or  tube  type  terminals.  The  necessary 
logic  will  lead  one  through  material  assessment  and  provide  necessary 
advisement  in  the  materials  selected  for  use. 


The  estcdslishment  of  a metals  data  bank  by  AMMRC  will  entail  the 
specification  of  properties  for  the  data  bank  and  in  procuring  same. 
Information  will  be  obtained  as  much  as  possible  through  existing 
sources;  i.e.,  metal  information  centers  and  other  government  organiza- 
tions . 

The  techniques  connected  with  integration  of  existing  programs 
used  in  engineering  design  and  the  material  selection  module  will  be 
developed  by  MICOM.  It  is  planned  to  utilize  the  output  parameters  of 
the  analysis  routines  which  specify  the  design  criteria  to  be  inputed 
into  the  data  management  system.  The  DMS  would  then  allow  Iterative 
operations  between  the  data  bank  and  the  design  routine  to  select  one 
or  more  suitable  materials.  This  very  sophisticated  approach  to  design 
will  also  be  supplemented  by  direct  user  access  of  the  data  file  for 
final  materials  assessment. 
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When  this  basic  three  year  progr^un  is  completed/  it  will  provide 
the  Army  with  a unique  capedsility/  useful  for  a wide  variety  of  purposes 
and  needs.  Use  by  the  other  services  is  anticipated  and  appropriate 
action  will  be  taken  to  facilitate  their  needs. 

DATA  MANAGEMENT  SYSTEM 

The  key  to  2ui  effective  material  selection  progreun  is  the  data 
management  system  (roiS) . The  system  represented  in  Figure  2 must  pro- 
vide the  capability  to  store  information  (data  bank)  and  then  enable 
retrieval  and  Bumipulation.  Many  such  connercial  systems  have  been 
developed  but  vary  widely  in  their  content  and  cap£d>ility.  Many  of 
the  developed  programs  are  proprietary  in  nature  or  structured  for 
company  use  only. 

The  search  for  6ui  effective  data  management  system  for  plastics 
was  initiated  under  a Lehigh  contract  (Ref.  2) . The  intent  of  the 
Lehigh  survey  was  to  determine  (1)  the  state  of  the  art  for  plastic 
material  selection  programs  and  (2)  which  progreuns  were  potentially 
adaptable  for  the  effort.  This  assessment  was  based  on  criteria 
established  for  the  Picatinny  directed  program.  The  general  conclusion 
drawn  by  the  contractor  was  that  a new  data  base  must  be  created  for 
selection  of  plastics.  None  of  the  existing  plastic  data  systems  were 
capable  of  use  without  major  modification. 

During  the  plastic  data  base  investigations/  the  GE&M  Directorate 
at  MICOM  was  independently  investigating  data  base  systems  to  be  used 
in  their  metals  material  selection  program.  They  also  determined  that 
existing  metal  property  data  bases  were  inadequate  to  suit  their  needs 
and  thus  initiated  an  in-house  effort  to  develop  a selection  program. 

The  subsequent  integration  of  the  metals  effort  then  led  to  the  con- 
sideration of  systems  adaptable  for  both  projects  with  the  intent  of 
commonality  in  both  software  and  hardware/  thus  reducing  overall  cost 
to  the  Army. 

The  development  of  a new  data  management  system/  hopefully  to 
fulfill  the  needs  of  both  programs/  was  ini'-<ated  and  included  three 
possibilities/  that  is 

• Writing  of  a new  program  in  the  scientific  Fortran  language 

• Modification  of  an  existing  Government  owned  program 

• Modification  or  purchase  of  a new  data  base  management  system 
structured  for  material  selection. 


Each  of  these  was  explored  with  hardware  for  the  integrated 
program  centered  on  the  facilities  at  both  Picatinny  and  Redstone 
Arsenals.  This  orientation  established  the  Control  Data  Corporation's 
CDC  6500  or  CDC  6600  computers  and  the  Tektronix  T-4002  and  T-4014 
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display  terminals  as  the  basic  hardware.  Since  most  remaining  Army 
design  facilities  have  IBM  computers/  software  adaptability  to  these 
facilities  was  als(  considered.  This  approach  necessitates  primary 


j funding  for  software  only.  In  other  words  the  availability  of  a soft- 

ware program  and  data  will  result  in  a usable  system. 

The  result  of  this  continued  DMS  evaluation/  conducted  jointly  by 
the  Picatinny's  PLASTEC  and  Management  Information  Services  Directorate 
(MISO) / concluded  that  the  most  economical  approach  would  be  the  pur- 
I chase  of  am  existing  DMS.  Such  a system/  however/  must  be  structured 

I to  perfon>^  the  material  selection  and  contain  a variety  of  features 

! needed  to  meet  overall  prograun  directions.  Of  the  )cnown  prograuns/  the 

I Data  Retrieval  System  (DRS)  evaluated  in  the  Lehigh  contract  (Ref.  2) 

[ was  further  reviewed.  It  was  determined  to  be  the  most  viable  program 

i to  pursue  due  to  its  inherent  sin^licity  and  versatility.  It  is 

structured  for  material  selection  and  contains  a wide  variety  ;f  unique 
j features, 

t 

Contacts  were  also  made  with  the  Computer  Software  Management  amd 
Information  Center  (COSMIC)  and  the  New  York  office  of  Gover;iment  Ser- 
vices Administration  to  determine  if  any  usable  systems  were  available. 

The  replies  were  negative.  A review  of  an  unpublished  report  (Ref.  3), 
which  surveyed  existing  computer  facilities/  also  indicated  only 
specialized  and  company  oriented  programs  existed/  generally  with  limited 
capability. 

The  two  most  prominent  metal  data  centers  were  contacted  to  deter- 
mine what  system  aspects  might  be  useful  in  the  current  program.  From 
discussions  with  key  personnel/  it  is  still  apparent  that  the  existing 
data  base  management  systems  would  require  major  modification  to  suit 
the  Army  program  needs.  Metal  data  transformation  itself  would/  how- 
ever, be  possible  and  is  contemplated  for  the  proposed  Army  system. 

An  NBS  survey  (Ref.  4)  also  provided  a good  summary  of  metal  data  sources/ 
and  also  brings  out  the  depth  of  metals  information  technology.  No 
a'':;ilable  DMS  was  apparent  from  this  review  to  suit  all  program  needs. 

The  idea  of  writing  a new  program  for  plastics  material  selection 
at  Picatinny  was  discarded  in  view  of  the  cost  that  would  be  incurred. 

An  alternative  was  to  consider  the  program  under  development  at  the 
GE&M  Directorate  at  MICOM.  The  MICOM  program  review  was  initiated,  but 
subsequently  discontinued  when  the  MICOM  group  examined  the  DRS  system 
and  determined  it  to  be  suitable  for  their  needs.  As  a result  of  the 
decision  by  MICOM,  a direction  was  established  whereby  software  would 
now  be  shared  for  both  plastics  and  metals  material  selection,  further 
reducing  overall  program  costs. 

The  modification  of  an  existing  government  purchased  software 
program  was  also  considered  for  use.  The  one  program  availcU^le  at 
Picatinny  Arsenal  was  System  2000,  as  purchased  from  the  MRI  Systems 
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Corporation.  Progranming  was  initiated  and  elementary  trials  were  made 
to  assess  its  suitability.  Following  continued  review  it  was  determined 
that  it  too  was  not  the  best  approach  to  take.  The  available  DRS  system 
would  be,  again,  a more  economical  system  to  pursue.  System  2000  was 
also  reviewed  by  MICOM  personnel  and  considered  to  be  an  unacceptable 
direction. 

The  net  result  of  the  search  for  a DMS  to  meet  the  broad  Army  re- 
quirements was  the  decision  to  convert  the  Data  Retrieval  System  (DRS) 
developed  by  tne  Aeronautical  Research  Associates  of  Princeton  (ARAP) 
to  the  CDC  6000  Series  computers.  Since  DRS  is  currently  written  for 
IBM,  adaptability  to  the  total  Army  needs  can  be  easily  accomplished. 

The  system  will  meet  all  the  Army  needs  and  provides  a simple  user 
capability  to  encourage  other  segments  to  avail  themselves  of  computer 
technology . 

MATERIAL  PROPERTY  DATA 

The  availability  of  property  data  for  plastics  hts  not  changed 
significantly  over  the  last  ten  years,  in  that,  reliance  on  material 
suppliers  to  provide  data  still  prevails.  With  the  product  needs  known, 
a search  is  made  of  available  plastics  data  based  on  the  experience  of 
the  engineer.  Material  data  sheets,  design  handbooks,  technical  journals 
and  known  reports  are  manually  searched,  hopefully  to  obtain  sufficient 
data  for  an  effective  comparison  of  the  many  plastic  materials.  This 
approach  becomes  frustrating  in  that  a complete  material  property 
picture  is  never  achieved. 

Many  literature  sources  contain  comparative  property  data;  but  they 
are  grossly  inadequate  for  design  purposes.  For  many  military  applica- 
tions the  unique  environments  are  not  generally  considered.  An  example 
of  this  uniqueness  cem  be  seen  in  artillery  projectiles  \diere  the  rate 
of  loading  is  important,  that  is,  the  dynamics  during  gun  firing.  The 
effect  of  this  variable  on  mechanical  properties  is  not  adequately 
reported.  Compatibility  or  chemical  resistance  of  plastic  materials 
with  explosives  and  propellants  is  another  unique  area  where  little 
data  is  available  from  commercial  sources. 

To  say  that  this  problem  is  unique  to  the  military  would  be  an 
error.  The  identical  problem  is  experienced  by  industry.  To  make  the 
point  succinctly,  there  is  an  overall  lack  of  proper,  comprehensive 
property  design  data  necessary  to  suit  the  needs  of  the  military  and 
industry.  Many  industrial  and  military  orgwizations  are  attempting 
to  develop  effective  data  and  have  made  some  progress,  but  it  is  by 
far  limited  in  scope.  This  means  that  product  development  and  product 
improvement  activities  remain  time  consvuning  and  are  not  as  thoroughly 
assessed  as  they  should  be. 

The  need  for  computerization  of  property  data  is  also  evident  by 
the  sheer  number  of  plastic  materials  which  are  commercially  available. 
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Tliis  is  because  the  property  changes  are  a function  of  tJie  manufacturing 
process  and  the  combinations  of  di-crete  compositions.  Material  sup- 
pliers continually  introduce  changes  in  compositions  through  the  use  of 
stabilizers  or  other  additives > which  in  essence  results  in  changes  in 
material  response. 


The  solution  to  this  problem  lies  in  the  effective  use  of  conputer 
technology.  With  the  cooperation  of  government  and  indr  „ry,  a program 
of  this  magnitvide  can  beccne  a practical  reality.  For  tnis  military 
oriented  program  tie  materials  of  interest  consist  of  metals,  polymers 
and  ceramics.  Figure  4.  Polymers  are  further  divided  into  adhesives 
and  coatings,  plastics  ctnd  elastomers.  For  plastics,  the  method  of 
manufacture  will  influence  the  basic  material  such  that  each  may  be 
handled  as  a distinct  material,  that  is,  its  properties  are  a function 
of  the  process.  An  elementary  exan^le  is  an  injection  molded  polystyrene 
which  is  structurally  quite  different  from  a foam  version,  even  though 
both  are  manufactured  by  the  injection  molding  process. 


When  plastic  material  combinations  are  considered,  the  picture  be- 
comes more  complex  as  generally  illustrated  in  Figure  5.  There  are  an 
endless  number  of  combinations  of  thermoplastics  and  thermosets  when 
reinforcements  and  fillers  are  incorporated  into  the  basic  resin.  The 
story  is  still  not  conplete  because  of  other  possible  variations  as 
alloying,  use  of  flexibilizers  or  other  chemicals,  introduced  to  modify 
one  property  or  another.  No  mention  has  been  made  of  that  class  of 
material  known  as  "composites"  ot  "advanced  composites".  These  materials 
have  been  identified  or  categorized  under  the  hag/layup/laminatsd 
category  and  present  euiothar  complex  facet  of  plastic  material  technology 
Only  through  computerization  can  a more  rational  picture  be  made  for  the 
endless  number  of  materials. 


Although  the  above  discussion  relative  to  the  molding  process  and 
materials  variations  presents  a complex  materials  picture,  reason  will 
be  used  in  the  assessment  for  the  military  oriented  data  bank.  It  is 
planned  to  restrict  the  initial  effort  to  the  high  volume  use  plastics, 
those  most  commonly  found  in  product  applications.  Other  materials  and 
forms  will  be  added  accordingly  as  the  system  is  developed.  It  i»  also 
planned  to  provide  computer  capacity  tor  up  to  4000  distinct  plastic 
materials.  This  capacity  is  considered  more  than  sufficient  for  the 
next  10-15  years. 

Engineering  property  data  for  design  has  been  one  aspect  emphasized 
by  the  Materials  Engineering  Division  at  Picatinny.  In  spite  of  the 
efforts  of  this  Division's  personnel  but  mostly  by  those  of  the  many 
industrial,  engineering  oriented  personnel,  little  change  is  apparent 
in  manufacturer's  and  in  the  open  literature.  Those  companies  that 
have  promoted  good  design  data  continue  to  do  so,  whereas  the  remainder 
follow  the  same  old  path.  This  is  ironic  in  that  the  mechanism  for 
generating  good  data,  via  the  ASTM  standards,  is  well  developed  but  just 
not  implemented  properly.  Furthermore,  it  is  believed  that  the  bulk  of 
what  is  desired  for  this  program  is  in  existence  but  just  not  made 
available  for  commercial  use. 
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When  the  task  of  conputerizing  data  was  undertedcen,  one  paramount 
restraint  imposed  on  the  system  was  that  only  useful  property  data  for 
product  engineering  purposes  would  be  included.  The  basis  for  this  was 
that  nonoriented  design  data  was  not  only  useless  2md  misused,  but  that 
it  would  also  unnecessarily  consum  computer  storage  space.  The  remain- 
ing property  data  with  commercial  relevancy  can  be  readily  grouped  as 
that  necessaury  for  processing  and  that  for  quality  control,  assurance 
or  standards.  These  represent  t%K>  independent  files  which  should  be 
created,  the  latter  of  which  will  be  considered  in  this  progr£un. 

This  project  also  recognizes  current  industrial  practices  and  the 
cosqplexity  of  data  generation.  The  ASTM  procedures  were  evaluated  and 
%rere  found  to  generally  contain  all  the  necessary  elements  for  proper 
data  generation.  ASTM  data  %diich  is  used  for  characterizing  plastic 
material  properties  are  basically  an  extension  of  the  testing  technology 
for  mebtls.  This  is  a natiural  development  in  testing  if  one  recognizes 
that  plastics  are  different  and  adjusts  test  methods  and  interpretations 
accordingly.  These  methods  represent  the  only  standardized  source  of 
data  generation  for  plastics  within  this  country.  Property  data  will 
therefore  conform  to  that  as  specified  by  ASTM.  For  those  areas  where 
the  state  of  the  art  is  not  fully  developed  as  for  the  high  rate  of  load- 
ing and  impact  modes,  appropriate  improvosents  will,  naturally,  be 
suggested. 

Another  main  point  which  was  addressed  is,  "What  is  the  right 
material  property  data  for  design?"  This  question  nay  become  contro- 
versial depending  on  the  definition  oZ  design  euid  the  viewpoints  as 
expressed  by  various  designers.  An  atteiq>t  to  answer  this  question  was 
undertaken  in  a previous  technical  report  (Ref.  1) . The  responses 
received  were  encouraging  and  constructive.  The  most  comprehensive 
comments  were  provided  by  Army  installations.  From  these  coomRents  and 
as  a result  of  consultation  with  selected  technical  design  personnel  in 
industry,  a list  of  property  data  formats  will  be  estad}lished  as  the 
basis  for  this  program.  Additions,  alterations  or  in^rovements  will 
be  made  as  necessary  during  program  i9q>lementation  to  facilitate  the 
presentations . 

Metal  property  data  acquisition  does  not  present  any  significemt 
problem,  since  data  has  been  compiled  at  many  metals  oriented  informa- 
tion sources,  including  cos^terized  data  formats.  Abstraction  of 
particular  data  formats  for  use  in  this  system  will  result  in  avail- 
ability on  an  interactiv'  basis.  The  metals  property  data  formats  also 
pose  no  problems  for  this  program  since  the  properties  are  suitable  in 
conventional  design  equations. 


SYSTEM  FEASIBILITY 


To  further  assess  the  feasibility  of  a system  as  described  herein, 
a pilot  study  effort  was  conducted  under  contract  by  ARAP.  The  intent 
was  to  demonstrate  a vforking  system  developed  around  plastics  data  in 
the  desired  formats.  This  small  effort.  Ref.  5,  was  successful  in 
demonstrating  the  capability  uf  ':he  DRS  progr£un  to  effectively  store, 
memipulate  amd  output  desired  information  based  on  user  input  criteria. 

The  vers^tiiity  of  DRS  as  a suitable  data  management  t'.ystem  was 
also  evidenced  through  various  presentations  to  Army  techn.-.cal  personnel, 
such  that  its  features  are  highly  desired  for  other  areas  of  interest. 
Conversion  of  the  DRS  program  to  the  CDC  6000  Series  counters  would 
greatly  aid  many  engineering  activities. 

This  feasibility  stuJy  coupled  with  the  experience  of  the  COHPAT 
program  has  provided  the  basis  for  extremely  high  success  in  achieving 
the  goals  of  this  program.  It  also  appears  that  this  direction  will 
result  in  a highly  cost  effective  program,  i.e. , maximum  results  with 
minimum  expenditure  of  time  and  funds. 


C(»iCLUS10N 


The  U7>e  of  con^uter  technology  has  been  determined  to  be  necessary 
for  the  rapid  access  of  property  da'*:a  for  materials  in  use  by  the  Army. 
The  concept  of  remote  access  to  data  has  been  effectively  demonstrated 
by  the  Picatlnny^eveloped  COMPAT  program  also  under  contract. 


f, 


An  ad  hoc  conmitteef  established  unde'  CAD-E  funding,  consolidated 
independent  Ar.:v'  efforts  for  metals  and  pla:»tic  materials  selection  with 
the  goal  of  standardization  of  use  of  a final  system.  The  connittee 
further  expanded  the  effort  with  eag>hasis  on  manufacturing  processes  and 
their  influence  .-^n  material  properties.  Th.*.s  program  will  greatly  aiisist 
all  engineering  functions  in  materials  assessments  and  also  thos«  activi- 
ties connected  with  procurement  of  materials. 

A system  has  been  planned  idiereby  all  Army  segments  can  rapidly 
access  data  either  remotely  or  on  site,  to  provide  a novel  capability 
in  materials  assessments.  This  will  be  accoNplished  through  the 
adaptation  of  eui  existing  coomercial  data  management  system  to  Army 
CDC  auid  IBM  coi^niters.  Planned  interactive  operations  with  terminals 
eoploying  display  scopes  will  greatly  enhance  the  effectiveness  of  all 
materials  assessments. 

Two  independent  data  banks,  one  each  for  aietals  and  plastics,  will 
be  established.  The  plastic  data  bemk  will  be  extremely  coaqprehensive, 
military  oriented  material  property  data,  a unique  feature  and  the 
first  of  its  kind  to  be  developed. 
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PLASTEC  PubUcatiojis.  Since  1968 
(Compleifc  I'*!!  available  on  request) 


REPORTS 


Directory  in  Plastics  ■ KnovAedgeable  Coventr,  vnt  Personnel  (Revised)  by  R.J.  Valles  and  AD  A008  340 

John  Nardone,  Feb  1975  (Price  $20.00) 

The  Weatherubility  of  Polyolefins,  by  J.B.  Titui,  March  1968  (Mce  $6.00)  AD672513 

Compatibility  .]  Explodves  with  Polymers  (H)i'An  Addendum  to  Picatinny  Arsenal  Technical  AD  672  061 
Report  2595),  by  N.E.  Batch  and  V.E.  Canfidd,  April  1968  (Price  $6.00) 

Survey  of  Plastics  Sandwich  Construction,  by  N.T.  Baldama,  May  1968  (Price  $6.00)  AD  673  713 

Subject  Index,  Bibliography,  and  Code  Description  of  Technical  Conference  Papers  on  Plastics.  AD  676 189 
May  1967-May  1963,  by  J.B.  Titus  and  A.E.  Molzon,  Aug  1968  (Price  $6.00) 

A Bibliography  of  Ablative  Composites  and  Polymers,  byA.M.  Shlbley,  July  1968  AD  855  720 

Polyurethane  Foams:  Technology,  Properties  and  Applications,  by  A.H.  Landrock,  Jan  1969  AD  688 1 32 

(Price  $15.50) 

Ecological  Disposal  of  Plastics  with  Emphasis  on  Foam-in-Place  Polyurethane  Foam,  by  AD  771 342 

A.H.  Landrock,  Aug  1973  (Price  $10.00) 

Weatherubility  of  Polystyrenes  and  Related  Copolymers  and  Terpolymers,  by  J.B.  Titus,  July  AD  700  091 
1969  (Price  $6.00) 

Subject  Index,  BibliOioaphy,  and  Code  Description  of  Technical  Conference  Papers  on  Plastics.  4D  707  246 
15  May  1968-8  May  1969,  by  J.B.  Titus  and  A.E.  Molzon,  December  1969  (Price  58.00) 

Compatibility  of  Explosives  with  Poly  men  (111).  An  Addendum  to  Picatinny  Arsenal  TR  2595  ,D  721  004 
and  PLASTEC  Report  33,  by  N.E.  Beach  and  V.K.  Canfield.  January  1971  (Price  $6.00) 

Applications  oflonr.ltig  Radiations  In  Plastics  and  Polymer  Technology,  by  A.F.  Reada^ , AD  725  940 
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